Ser57 in the Na+/proline permease of Escherichia coli is critical for high-affinity proline uptake.
Ser57 in the Na+/proline permease of Escherichia coli has been replaced with alanine, cysteine, glycine, or threonine, and properties of the corresponding putP mutants have been analyzed. Although Ser57 is not essential for activity, the amino acid side chain at this position is critical for proline uptake. Thus, alanine, cysteine, glycine, or threonine in place of Ser57 reduces the initial rate of proline transport under standard conditions to less than 10% of the wild-type value. In addition, substitution of Ser57 in the Na+/proline permease reduces the sensitivity of E. coli cells to the toxic proline analogs L-azetidine-2-carboxylate and 3.4-dehydro-D.L-proline. Replacement of Ser57 with alanine or cysteine results in apparent affinities for proline that are reduced by more than two orders of magnitude, and permeases with threonine and glycine in place of Ser57 yield apparent affinities reduced by a factor of 60 and 18 respectively, relative to wild-type. In contrast, all of the Ser57 replacements analyzed cause only small changes in Vmax values. All permease molecules containing Ser57 substitutions are inserted into the membrane in amounts comparable to the wild-type protein as shown by immunoblot analysis. These results indicate that alterations of proline transport and sensitivity to toxic proline analogs have to be attributed primarily to defects in substrate binding. It is suggested that the serine residue at position 57 of the permease is located within the substrate-binding domain of the protein.